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Description 



This invention relates to a solution of taxol having 
improved stability. 

BACKGROUND ™ THE INVENTION 

Taxol is a compound extracted from the bark of a 
western yew, t^yus brevlfolla and known for its antine- 
oplastic activity. It is described for example in The Merck 
Index, Eleventh Edition 1989, monograph 9049. 

In 1977, taxol was chosen for development as an 
antineoplastic agent because of its unique mechanism 
of action and good cytotoxic activity against IP 
implanted D16 melanoma and the human X-1 mam- 
mary tumor xenograft. 

Taxol is believed to function as a mitotic spindle poi- 
son and as a potent inhibitor of cell replication in vitro. 
Other mitotic spindle points (colchicine and podophyllo- 
toxin) inhibit microtubule assembly. Taxol employs a dif- 
ferent mechanism of action since it appears to shift the 
equilibrium of polymerimization/depolymerization 
toward polymer assembly and to stabilize microtubules 
against depolymerization under conditions which would 
cause rapid disaggregation of microtubules. The inter- 
ference with the polymerization/depolymerization cycle 
in cells appears to interfere with both the replication and 
migration of cells. 

After extensive preclinical screening in mouse 
tumor models, taxol entered clinical trials in 1983. Over 
the past few years, taxol has demonstrated good 
response rates in treating both ovarian and breast can- 
cer patients who were not benefiting from vinca alkaloid 
or cisplatin therapy. It has also shown encouraging 
results in patients with other types of cancer including 
lung, melanoma, lymphoma, head and neck. 

For further information, reference may be made to 
the U S National Cancer Institute's Clinical Brochure for 
Taxol, revised July 1991, and papers presented at the 
Second National Cancer Institute Workshop on Taxol 
and Taxus held in Alexandria, Virginia USA on Septem- 
ber 23-24, 1992. 

pRIpc ncQHRlPTION OF THE INVENTION 



It is a disadvantage of the known formulation that 
the taxol therein degrades, with the result that the shelf 
life of the formulation is unsatisfactory. 

US-A-4960790 discloses compositions comprising 
taxol derivatives which exhibit good stability at pH levels 
suitable for pharmaceutical formulation (pH 3-4) but 
breakdown at physiological pH to potentially act as a 
taxol prodrug. However, the issue of stabilizing compo- 
sitions containing unmodified taxol is not addressed 
therein. There is therefore a need for a taxol solution of 
improved stability. 

Accordingly, in a general aspect the invention pro- 
vides a solution containing taxol (paclitaxel), cremophor 



EL ™ and ethanol, characterized in that the pH of the 
solution has been adjusted into the range 1 to 8 by addi- 
tion of an acid. Acids in the form of powders, for exam- 
ple citric acid, are preferred over those which contain 
5 water, for example sulfuric acid. The most preferred acid 
for use in accordance with the present invention is citric 
acid but a wide range of acids may be used including 
the following: 

w Citric acid - monohydrous 
Citric acid - anhydrous 
Citric acid - hydrous 
Acetic acid 
Formic acid 
15 Ascorbic acid 
Aspartic acid 
Benzene sulphonic acid 
Benzoic acid 
Hydrochloric acid 
20 Sulphuric acid 
Phosphoric acid 
Nitric acid 
Tartaric acid 
Diatrizoic acid 
25 Glutamic acid 
Lactic acid 
Maleic acid 
Succinic acid 

30 HPTAII ED DESCR'ptiom OF THE INVENTION 

Due to its limited solubility in water, Taxol is usually 
prepared and administered in a vehicle containing cre- 
mophor EL™ (a polyethoxylated castor oil which acts as 
a solubilizer) and ethanol. A commercially available 
solution supplied by Bristol-Myers Squibb (BMS) is for- 
mulated with these components and has a pH of 9.1 . 

As indicated above, the invention essentially 
teaches addition of an acid to a taxol formulation to 
adjust its pH into the range 1 to 8, preferable 5 to 7. 

An ernbodiment of the invention is the use of an 
acidifying agent as a stabilizer for paclitaxel in a phar- 
maceutical composition, said composition having a final 
pH of less than 8.1. The invention also encompasses 
the use of an acidifying agent for the manufacture of a 
medicament which comprises paclitaxel, polyethoxy- 
lated castor oil and said acidifying agent, which medica- 
ment has a pH of less than 8.1 . 

In a preferred procedure adopted by the applicant, 
so which it will be clearly understood is non-limiting, the fol- 
lowing steps were carried out: 
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Mixjng Instructions 
55 SOLUTION 1 

Citric acid was dissolved in absolute alcohol, using 
a ratio of 8 ml of absolute alcohol to 1 gram of citric acid, 
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and the solution was stirred for f ifteen (15) minutes. 
SOLUTION 2 

Cremophor EL was weighed out into the main mix- s 
ing vessel. 

SOLUTION 3 

Solution 1 was added to solution 2, and the con- 
tainer used for solution 2 was washed with a minimum 
quantity of absolute alcohol to ensure complete transfer 
of the citric acid. Solution 3 was mixed and bubbled with 
nitrogen for at least 15 minutes. The taxol was weighed 
out and slurried using absolute alcohol using a ratio of 
8 ml of absolute alcohol to 1 g of taxol. The slurried taxol 
was added to solution 3 and the slurrying vessel was 
washed with a minimum quantity of absolute alcohol. 
Solution 3 was adjusted to 75% of required volume 
using absolute alcohol, and thoroughly stirred for at 
least 45 minutes until completely dissolved. Once com- 
pletely dissolved, the volume was checked and made up 
as necessary with absolute alcohol and the final solu- 
tion stirred for 5 minutes. 

Example 1 

A solution was prepared with the following formula- 
tion: 

Formulation: (Sample 1) 



Cremophor EL 


0.5 ml 


Citric Acid (Anhydrous) 


2.0 mg 


Taxol 


6.0 mg 


Absolute Alcohol to 


1.0 ml 



The pH of this solution was determined as 6.1 . 

The stability of this sample was compared with a 
sample prepared by the formulation stated in the NCI 
Taxol Clinical brochure (as follows) which had a pH of 
9.1. (Sample 2) 



Sample 2 


per ml 


Taxol 

Cremophor EL 
Absolute Alcohol 


6mg 
0.5 ml 
to1 ml 



The solutions were filled into clear type 1 glass 5 mi 
vials and sealed with rubber bungs. 



The solutions were stored at 40°C for 7 (seven) days 
and the stability results are shown in Table 1 . 





Sample 1 


Sample 2 


pH 


6.2 


9.0 


Potency 


96.6 


86.7 


Major individual 


0.3% 


5.1% impurity 


Total impurities 


2.0% 


12.2% 



Clearly Sample 1 showed significantly increased 
stability over Sample 2. 

Example 2 

A solution was prepared with the following formula- 
tion: 

Formulation: (Sample 3) 



Cremophor EL 


0.5 ml 


Taxol 


6.0 mg 


Absolute Ethanol 


to 1 ml 


dH adjusted to 6.6 with 1 .0M Ace- 


tic Acid. 





The solution was filled into clear type I glass 5 ml 
vials and sealed with rubber bungs. 

The solution was stored at 40°C for 7 days. 

The stability results obtained are compared to 
those seen with Sample 2. 





Sample 3 


Sample 2 


PH 


6.7 


9.0 


Potency 


97.5 


86.7 


Major individual 


0.3% 


5.1% impurity 


Total impurities 


2.3% 


12.2% 



Again the significantly superior stability of the for- 
mulation according to the invention (Sample 3) is evi- 
dent. 

It will be clearly understood that the invention in its 
general aspects is not limited to the specific details 
referred to hereinabove. 
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Claims 



1. A pharmaceutical composition suitable for use in 
treating cancer and comprising paclitaxel (taxol), 
polyethoxylated castor oil and an acidifying agent, 
the components of the composition being mixed in 
such proportion that said composition has a result- 
ing pH less than 8.1. 

2. A pharmaceutical composition as claimed in Claim 
1 wherein the proportion of the acidifying agent is 
such that the pH of the composition is from 5 to 7. 

3. A pharmaceutical composition as claimed in Claim 
1 or Claim 2 and including ethanol or other alcohol 
as a constituent thereof. 

4. A pharmaceutical composition as claimed in any 
one of Claims 1 to 3 wherein the acidifying agent is 
formic acid, ascorbic acid, aspartic acid, benzene 
sulphonic acid, benzoic acid, hydrochloric acid, sul- 
phuric acid, phosphoric acid, nitric acid, tartaric 
acid, diatrizoic acid, glutamic acid, lactic acid, 
maleic acid or succinic acid. 

5. A pharmaceutical composition as claimed in any 
one of Claims 1 to 3 wherein the acidifying agent is 
acetic acid or citric acid. 

6. A pharmaceutical composition as claimed in Claim 
5 wherein the acidifying agent is anhydrous citric 
acid. 

7. A pharmaceutical composition as claimed in any 
preceding claim wherein the acidifying agent is an 
acid in particulate solid form. 

8. A pharmaceutical composition as claimed in Claim 
1 and comprising:- 

(i) paclitaxel, 

(ii) polyethoxylated castor oil as a solubilizer for 
the paclitaxel, 

(iii) citric acid as an acidifying agent present in 
such an amount that the composition as a 
whole has a pH of from 1 to 8. and 

(iv) optionally ethanol 

9. Use of an acidifying agent as a stabilizer for paclit- 
axel in a pharmaceutical composition in which said 
paclitaxel is carried by polyethoxylated castor oil. 
said acidifying agent being employed in such use in 
such proportion that said composition has a result- 
ing pH less than 8.1. 
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10. Use as claimed in Claim 9 wherein the acidifying 
agent is as defined in any one of Claims 4 to 7. 

11. Use as claimed in Claim 9 or Claim 10 and includ- 
ing ethanol as a constituent of the pharmaceutical 
composition. 

12. Use as claimed in any one of Claims 9 to 11 
wherein the proportion of the acidifying agent is 
such that the pH of the acidified stabilized pharma- 
ceutical composition is from 5 to 7. 

13. Use as claimed in Claim 9 wherein the acidified sta- 
bilized pharmaceutical composition comprises:- 

(i) paclitaxel, 

(ii) polyethoxylated castor oil as a solubilizer for 
paclitaxel, 

(iii) citric acid as the acidifying agent, said acid- 
ifying agent being present in such an amount 
that acidified stabilized pharmaceutical compo- 
sition as a whole has a pH of from 1 to 8, and 

(iv) optionally ethanol 

14. Use of an acidifying agent for the manufacture of a 
medicament which comprises paclitaxel and poly- 
ethoxylated castor oil as well as said acidifying 
agent, which medicament has a pH less than 8.1 
and which is for the treatment of cancer. 
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15. Use of citric acid, paclitaxel and polyethoxylated 
castor oil for the manufacture of a medicament for 
use in the treatment of cancer, said medicament 
being in the form of a composition comprising citric 
acid, paclitaxel and polyethoxylated castor oil and 
having a pH of less than 8.1 . 

16. A method of formulating a taxol solution for injec- 
tion, the method comprising:- 

(i) mixing an acid material with a carrier mate- 
rial to form a carrier solution; and 

(ii) mixing paclitaxel wHh the carrier solution to 
form a paclitaxel solution having a pH of less 
than 8.1 whereby the paclitaxel in the paclitaxel 
solution does not readily degrade. 

17. A method as claimed in Claim 16 wherein said pacl- 
itaxel solution has a pH of from 5 to 7. 

1a A method as claimed in Claim 16 or Claim 17 
wherein said acid material is an acidifying agent as 
defined in any one of Claims 4 to 7. 
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19. A method as claimed in any one of Claims 16 to 18 
wherein said carrier material comprises polyethox- 
ylated castor oil. 

20. A method as claimed in Claim 19 wherein said car- s 
rier material includes ethanol as a constituent 
thereof. 

21 . A method as claimed in any one of Claims 1 6 to 20 
and including the step of slurrying said paclitaxel in to 
ethanol before mixing said paclitaxel with the carrier 
solution. 

PatentansprOche 

15 

1. Eine pharmazeutische Zusammensetzung, geeig- 
net zur Verwendung bei der Behandlung von Krebs 
und umfassend Paclitaxel (Taxol), polyethoxyliertes 
CastorOI und ein Sauerungsmittel, wobei die Kom- 
ponenten der Zusammensetzung in solchen Men- 20 
gen vermischt werden, daB die Zusammensetzung 
einen resultierenden pH-Wert von weniger als 8,1 
hat. 

2. Pharmazeutische Zusammensetzung gemaB 25 
Anspruch 1, wobei der Teil des Sauerungsmittels 
derart ist, daB der pH-Wert der Zusammensetzung 
zwischen 5 und 7 liegt. 

3. Pharmazeutische Zusammensetzung gemaB 30 
Anspruch 1 Oder Anspruch 2 und Ethanol Oder 
einen Alkohol als einen Bestandteil hiervon ein- 
schlieBend. 

4. Pharmazeutische Zusammensetzung, wie in einem 35 
der AnsprQche 1 bis 3 beansprucht, wobei das 
Sauerungsmittel AmeisensSure, Ascorbinsdure, 
Aspartatsaure, BenzolsulfonsSure, Benzoesaure, 
HydrochloridsSure, Schwefelsaure, Phosphor- 
saure, Salpetersaure, Weinsaure, Diatrizoesaure, <o 
Glutaminsaure, Milchsaure, Maleinsaure Oder Suc- 
cinsaure ist. 

5. Pharmazeutische Zusammensetzung, wie in einem 
der AnsprQche 1 bis 3 beansprucht, wobei das 45 
Sduerungsmittel Essigsaure Oder Zitronensaure 

ist. 

6. Pharmazeutische Zusammensetzung, wie in 
Anspruch 5 beansprucht, wobei das Sauerungsmit- so 
tel wasserfreie Zitronensaure ist. # 

7. Pharmazeutische Zusammensetzung, wie in einem 
der vorhergehenden AnsprQche beansprucht, 
wobei das Sduerungsmittel eine Saure in partikuia- 55 
rer fester Form ist. 

8. Pharmazeutische Zusammensetzung, wie in 



Anspruch 1 beansprucht und umfassend: 

(i) Paclitaxel, 

(ii) polyethoxyliertes CastorOI als ein LOsungs- 
vermittler fur das Paclitaxel, 

(iii) Zitronensaure als ein Sduerungsmittel, vor- 
handen in einer Menge, so daB die 
Zusammensetzung als ganzes einen pH-Wert 
von 1 bis 8 hat und 

(iv) gegebenenfalls Ethanol. 

9. Die Verwendung eines Sauerungsmittels als ein 
Stabilisator fur Paclitaxel in einer pharmazeuti- 
schen Zusammensetzung, in der das Paclitaxel 
umgesetzt wind durch polyethoxyliertes CastorOI, 
wobei das Sauerungsmittel derart und in solchen 
Teilen verwendet wird, daB die Zusammensetzung 
einen resultierenden pH-Wert von weniger als 8,1 
hat. 

10. Verwendung wie in Anspruch 9 beansprucht, wobei 
das Sauerungsmittel, wie in einem der AnsprQche 4 
bis 7 beansprucht, ist. 

11. Verwendung wie in Anspruch 9 Oder 10 bean- 
sprucht und einschlieBend Ethanol als ein Bestand- 
teil der pharmazeutischen Zusammensetzung. 

12. Verwendung wie in einem der AnsprQche 9 bis 11 
beansprucht, wobei der Teil des Sauerungsmittels 
so ist, daB der pH-Wert der angesduerten stabili- 
sierten pharmazeutischen Zusammensetzung zwi- 
schen 5 und 7 liegt. 

13. Verwendung wie in Anspruch 9 beansprucht, wobei 
die angesduerte stabilisierte pharmazeutische 
Zusammensetzung umfaBt: 

(i) Paclitaxel, 

(ii) polyethoxyliertes CastorOI als ein LOsungs- 
vermittler fur das Paclitaxel, 

(iii) Zitronensaure als das Sauerungsmittel, 
wobei das Sauerungsmittel in einer Menge vor- 
handen ist so daB die angesduerte stabili- 
sierte pharmazeutische Zusammensetzung als 
ganzes einen pH-Wert von 1 bis 8 hat und 

(iv) gegebenenfalls Ethanol. 

14. Verwendung eines Sauerungsmittels fQr die Her- 
stellung eines Medikaments, das umfaBt Pactitaxel 
und polyethoxyliertes CastorOI genauso wie das 
Sauerungsmittel, wobei das Medikament einen pH- 
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Wert geringer ate 8.1 hat und zur Behandlung von 
Krebsdient. 

15 Verwendung von Zrtronensaure, Paclrtaxel und 
oTeSertem CastorOI zur Herstellung ernes 

von Krebs. wobei das Medikamerrt in form 
Ter Zusammensetzung tel. umfassend atronen- 
sLre Paditaxel und polyethoxyliertes Castoro. 
und einen pH-Wert von weniger ate 8.1 hat. 

16 Ein Verfahren zur Formulierung einer TacollOsung 
zur Injektion. wobei das Verfahren umfaBf. 

(i) Mischen eines sauren Materials mit einem 
Tragermaterial. zur Bildung einer Tragerlosung 
und 

(ii) Mischen von Paclitaxel mit der TragenB- 
sung um eine Paclrtaxellosung m.t einem pH- 
Wertvon weniger als 8.1 zu bilden. wobe, das 
Paclitaxel in der Paclrtaxellosung n.cht ohne 
weiteres degeneriert. 

17 Verfahren wie in Anspruch 16 beansprucht wobei 
dfe Paclitaxellosung einen P H-Wert von 5 bs 7 hat. 
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compris entre 5 et 7. 

3 Composition pharmaceutique selon la 

fon ' iou la revendication 2. comprenart d > Cha- 
nel ou un autre alcool en tart que constituent 

4 Composition pharmaceutique selon rwevjeon- 

rtdttiant est I'acide formique. fac.de ascojb que. 
Se asoartique. tackle benzenesulfonique. 

furiaue I'acide phosphonque, lacide nrtnque. 

que racwe lact^ue. I'acide malfeique ou lac.de 
succinique. 

5 Composition pharmaceutique selon quelconque 
indications 1 a 3. dans laquelle I'agent ac,- 
cfifiarrt est I'acide ac6tique ou I'acide crtnque. 

6. composition pharmaceutique selon la rwandta- 
Hon 5. dans laquelle I'agent ac.dif.arrt est lac.de 
dtrique anhydre. 



20 



25 7. Composrtion pharmaceutique selon I'unequelcon 
o^edesrevendicatior^pr^entesdanslaquene 
?agent acidifiant est un acide sous forme de parti- 
18 Verfahren wie in Anspruch 16 oder Anspruch 17 cules solides. 

^Sprucht wob« das ^J"^*^ 30 8 . Compost pharmaceutic selon .a revend,ca- 
rungsmittel. wie in e.nem der Anspruche 4 d.s ^ co mprenant : 

beansprucht ist. 



19 Verfahren. wie in einem der AnsprOche 16 bis 18 
^ru^wobeidasTragermaterialpolyetho^ ^ 

liertes Castorfil umfaBt 

20. Verfahren. wie in Anspruch 19 beanf ucht wobei 
das Tragermaterial Ethanol emschl.eBt als em 
Bestandteil hiervon. ^ 

91 Verfahren wie in einem der AnsprOche 16 bis 20 
21 ' und den Schritt des A»mens 

S Paclrtaxel in Ethanol vor dem Be.m.schen des 
Paclitaxel zur TrfigerlOsung einschl.eBt ^ 

Revendications 

1 composition pharmaceutique ^rcpriee pour une 
Son dans le traitement du cancer et compre- 
naTdu paclitaxel (taxol), de I'huile de nan ^6- 
Se etun agent acidifiant, les constants de a 
Sain etarrt melanges en une proportion te le 
petite composHion presente un pH resultant 
inf6rieur&8,1. 

2. Composition pharmaceutique selon la jwjndij 
tion 1 dans laquelle la proportion de I agent aad. 
ant est telle que le pH de la compost est 
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(i) du paclitaxel. 

(ii) de I'huile de ricin polyethoxyle en tant 
ou'agerrtsolubilisant pour le paclitaxel. 

(iii) de I'acide citrique en tant qu'agent acditiant 
en une quantite telle que la compos* 0 " pre- 
sente dans son ensemble un pH de 1 a 8. et 

(iv) eventuellementde I'Gthanol. 

9 Utilisation d'un agent acidifiant en tant qu^J 
stabilisation pour le paclrtaxel dans une coi- 
tion pharmaceuUque dans laquelle l*P«»* 
est vehicule par de I'huile de nc.n polyethoxyle edit 
agent acidifiant etant employe en une V"**** 
q Se ladite composition presente un pH resuftant 
inferieura8,1. 

10. Utilisation selon la revendication 9 dans laquelle 
ragent acidHiant est tel que defini dans I'une quel- 
conque des revendications 4^7. 

11. Utitisation selon la revendication 9 ou la = dica- 
tion 10. comprenant I'incorporation d ethanol en 

que constant de la compositon pharmaceu- 
tique. 

12. Utilisation selon I'une quelconque des revendica- 
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tions 9 & 1 1 dans laquelle la proportion d'agent aci- 
drfiant est telle que le pH de la composition 
pharmaceutique stabilise aridifiee est compris 
entre 5 et 7. 

5 

13. Utilisation selon la revendication 9, dans laquelle la 
composition pharmaceutique stabilise acidifiee 
comprend : 

(i) du paclitaxel, 10 

(ii) de Thuile de ricin polyethoxyie en tant 
qu'agerrt solubilisant pour le paclitaxel, 

(iii) de I'acide citrique en tant qu'agent acidi- 
fiarrt, ledit agent acidif iant etarrt present en une 
quantite telle que la composition pharmaceuti- is 
que stabilise acidifiee presente dans son 
ensemble un pH de 1 k 8, et 

(iv) 6ventuellemerrt de rethanol. 

14. Utilisation d'un agent acidif iant pour la fabrication 20 
d'un medicament comprenant du paclitaxel et de 
I'huile de ricin polyethoxyie ainsi qu'un agent acidi- 

f iant, ledit medicament presentant un pH inferieur k 
8,1 et etant utilisaWe dans le traitement du cancer. 

25 

15. Utilisation d'acide citrique, de paclitaxel et d'huile 
de ricin polyethoxyie pour la fabrication d'un medi- 
cament destine au traitement du cancer, ledit medi- 
cament se presentant sous la forme d'une 
composition comprenant de I'acide citrique, du 30 
paclitaxel et de I'huile de ricin polyethoxyie et pre- 
sentant un pH inferieur k 8,1. 

16. Proc6d6 pour la formulation d'une solution de taxol 
injectable, ledit proc6d6 comprenant : 35 

(i) le melange d'un materiau acide avec un 
v6hicule pour former une solution de v6hicule; 
et 

(ii) le melange du paclitaxel avec la solution de 40 
vehicule de faccn k former un solution de pacli- 
taxel presentant un pH inferieur k 8,1, ce par 
quoi le paclitaxel dans la solution de paclitaxel 

ne se decompose pas rapidement. 

45 

17. Precede selon la revendication 16, dans laquelle 
ladite solution de paclitaxel presente un pH de 5 k 
7. 

18. Proc6d6 selon la revendication 16 ou la revendica- so 
tion 17, dans laquelle le materiau acide est un 
agent acidrfiant tel que d6fini dans Tune quelcon- 
que des revendications 4 a 7. 



20. Procede selon la revendication 19, dans laquelle 
ledit vehicule comprend de l'6thanol en tant que 
constituant. 

21 . Procede selon I'une quel conque des revendications 
16 k 20, comprenant retape consistant a mettre en 
suspension ledit paclitaxel dans le rethanol avant 
de meianger ledit paclitaxel avec la solution de 
vehicule. 



40 



45 



19. Procede selon I'une quelconque des revendications 55 
16 a 18, dans laquelle ledit vehicule comprend de 
I'huile de ricin polyethoxyie. 
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